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The global spread of marine invasive species is predicted 
to continue increasing with time (Cohen and Carlton 1998; 
Clarke Murray et al. 2014). To reduce these impacts, within 
the confines of limited resources, species of concern must 
be identified and prioritised (Downey et al. 2010). And, to 
facilitate management prioritisation, the distribution and 
population status of a species must be regularly assessed 
in order to maximize the efficacy of management plans and 
supporting legislation (McGeoch et al. 2012).
South Africa has, under the Alien and Invasive Species 
Regulations of 2014 under the National Environmental 
Management Biodiversity Act of 2004 (RSA 2014), 
committed to producing a national status report on biolog-
ical invasions every three years (Wilson et al. 2017). The 
status of marine invasions in South Africa has recently 
been reviewed (Robinson et al. 2016), and there have 
been notable changes to the status of some species: for 
example, the urchin Tetrapygus niger is no longer present 
(Mabin et al. 2015), whereas various alien fouling species 
have increased their ranges (Peters et al. 2017). Here, we 
focus on the European shore-crab Carcinus maenas.
Carcinus maenas features on the International Union 
for the Conservation of Nature Global Invasive Species 
Database’s list of ‘100 of the World’s Worst Invaders’ 
(GISD 2017). This marine crab, belonging to the family 
Portunidae, has a widespread global distribution, with 
established populations recorded in Argentina, Australia, 
Canada, South Africa and the USA (Carlton and Cohen 
2003; Hidalgo et al. 2005). Several of these countries have 
reported ecological and economic impacts caused by the 
species (De Rivera et al. 2011; Mach and Chan 2013; 
Matheson et al. 2016). For example, invasive C. maenas 
populations have caused declines in abundance of the 
native soft-sediment intertidal clams Nutricola tantilla and 
N. confusa, as well as the shore crab Hemigrapsus oregon-
ensis in California (Grosholz et al. 2000), while in Nova 
Scotia a significant reduction in biomass of eelgrass 
Zostera marina was attributed to the presence of C. 
maenas (Malyshev and Quijon 2011). In addition, the 
crab has caused morphological and behavioural changes 
in the native softshell clam Mya arenaria (Whitlow 2010) 
and the whelk Bedeva vinosa (Freeman et al. 2013). The 
economic impacts of this species are primarily on maricul-
ture operations. In particular, because this crab feeds on 
bivalves in the benthic environment, it can be a pest of 
mussel farms (Grosholz et al. 2011; Mach and Chan 2013). 
Carcinus maenas was first recorded in South Africa in 
1983 (Joska and Branch 1986). Since then, several surveys 
have been conducted to assess the species’ distribution (Le 
Roux et al. 1990; Robinson et al. 2005; M Jooste and TBR, 
unpublished data) (Figure 1). Carcinus maenas has been 
found both intertidally and subtidally; however, it thrives in 
sheltered bays and harbour environments (Hampton and 
Griffiths 2007). This is likely a reflection of the inability of C. 
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maenas to maintain a grip on rocks under high wave action 
due to its light portunid carapace and the reduced length and 
strength of its rear dactyls (Hampton and Griffiths 2007).
To date, the only populations recorded in South Africa 
are in Table Bay and Hout Bay harbours, with a few crabs 
detected at other sites close to Cape Town (Robinson et al. 
2005). A mating pair was discovered in 1990 in Saldanha 
Bay, 110 km north of Cape Town (Le Roux et al. 1990); 
however, since then only one empty carapace and no live 
animals have been recorded (Robinson et al. 2004), despite 
annual monitoring conducted on the subtidal and intertidal 
habitats in the bay (Clark et al. 2015). Langebaan Lagoon, 
situated within the Saldanha Bay system, is considered 
vulnerable to C. maenas invasion due to its sheltered nature 
and its proximity to a large commercial port (Robinson et al. 
2004). The lagoon lies within the West Coast National Park, 
which also contains a wetland of international importance 
as recognised by the Ramsar Convention. Concerns have 
been raised that this area of high marine diversity could 
be impacted if the crab were to invade (Robinson et al. 
2004). Surveys of ports and small harbours across South 
Africa have failed to detect C. maenas anywhere else in the 
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Figure 1: Map of the greater Cape Town area and Cape Peninsula, showing the intertidal and subtidal survey sites used by Le Roux et al. 
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country (Awad et al. 2004; Hutchings et al. 2006; Laird et al. 
2013; Peters et al. 2014, 2017). 
The first estimates of population size for this species 
in South Africa were conducted in 2002 by Robinson et 
al. (2005). The Table Bay population was estimated to 
comprise 133 500 individuals (95% CI: 111 000–156 100) 
and Hout Bay, 9 200 individuals (95% CI: 4 900–13 500). 
Follow-up surveys in 2013 estimated populations of 164 200 
(95% CI: 153 900–174 500) in Table Bay, and 6 500 (95% 
CI: 700–12 600) in Hout Bay, suggesting these populations 
are stable (M Jooste and TBR, unpublished data). However, 
a recent (2014–2015) intensive management trial in Hout 
Bay and subsequent population modelling suggested that 
the population there was considerably larger (~22 000) 
(CAM, unpublished data), but the reason for the discrep-
ancy is unclear. In 2013, intertidal populations appeared to 
be declining, with C. maenas recorded only at a single site 
close to Table Bay harbour (Figure 1). It is notable that these 
population studies did not consider seasonal patterns of 
abundance and distribution, but provided only snapshots of 
its status. The presence of gravid females was observed in 
a previous survey, conducted between July and November 
(Le Roux et al. 1990); however, no attempt was made to 
enumerate the breeding individuals.
The present study aimed to update knowledge on the 
distribution, population status and demographics of C. 
maenas in South Africa, and so offer insight into the spatial 
and temporal variability of the population parameters. In 
particular, the following hypotheses were tested: (1) intertidal 
and subtidal sites close to Table Bay and Hout Bay harbours 
would have established populations of C. maenas; and (2) 
no breeding crabs would be present during summer when, 
due to regional upwelling, water temperatures are below the 
critical limit for moulting and reproduction. By addressing 
these aims this study provides information to support 
management decisions regarding C. maenas.
Materials and methods
This study involved both regular intertidal and once-off 
subtidal surveys of Carcinus maenas along the open 
coastline, as well as an intensive survey of the Table Bay 
population, using postlarvae settlement collectors, crab 
condos and baited traps. 
Intertidal surveys 
Six sites at which C. maenas was previously recorded 
were monitored for one year (Figure 1) via monthly 
surveys between March 2014 and February 2015 (Table 
1). An additional four sites where C. maenas had not been 
reported before, but which supported suitable habitat, were 
surveyed quarterly. When C. maenas individuals were 
recorded at Sea Point (see Results), monitoring at this 
site was extended for an additional year but was reduced 
in frequency from monthly to quarterly surveys. During all 
surveys, two researchers searched each site for 30 min 
during spring low tides. Suitable crab habitat was searched, 
with particular attention paid to areas under algal fronds and 
boulders and in rock crevices. The number of C. maenas 
observed was recorded and a note made of any gravid 
(egg-carrying) females. 
Subtidal surveys in natural habitat 
Once-off subtidal surveys were conducted at three sites, 
between April and June 2014 (Table 1). The Hout Bay 
survey was conducted in the bay itself, outside the harbour 
environment, while the Oudekraal and Green Point surveys 
took place along open coastline. Three replicate 50-m 
transects, running parallel to the shore at average depths of 
5, 10 and 15 m, were surveyed by scientific SCUBA divers. 
The number of C. maenas detected within 1 m on either 
side of each transect line was recorded. 
Harbour surveys: population structure and reproductive 
cycle 
Baited traps were used to detect C. maenas in Table Bay 
and Hout Bay harbours in April 2014. The size and sex 
structure of the Table Bay harbour population were then 
assessed monthly until March 2015 at the Royal Cape 
Yacht Club. In order to determine the abundance of all 
life stages of C. maenas, three trapping techniques were 
adopted: (1) artificial settlement collectors for postlarvae; (2) 
unbaited crab condos for smaller individuals (<50 mm); and 
(3) baited traps for crabs of all size classes.
Postlarvae settlement collectors
Postlarval abundance was estimated using artificial settle-
ment collectors (Figure 2a). Collectors were constructed 
using a PVC pipe (diameter 11 cm, length 30 cm) wrapped 
Site Description Survey frequency GPS coordinates
Melkbosstrand Intertidal Monthly 33°45′53″ S; 18°26′5″ E
Blouberg Intertidal Monthly 33°48′12″ S; 18°27′39″ E
Mouille Point Intertidal Monthly 33°53′57″ S; 18°24′31″ E
Green Point Subtidal Once-off 33°54′22″ S; 18°23′50″ E
Sea Point Intertidal Monthly → Quarterly 33°54′44″ S; 18°23′14″ E
Camps Bay Intertidal Monthly 33°57′10″ S; 18°22′26″ E
Oudekraal Intertidal/Subtidal Quarterly/Once-off 33°58′53″ S; 18°21′35″ E
Hout Bay Subtidal Once-off 34°03′09″ S; 18°20′57″ E
Chapman’s Peak Intertidal Monthly 34°03′52″ S; 18°22′5″ E
Kommetjie Intertidal Quarterly 34°08′30″ S; 18°19′18″ E
Seaforth Intertidal Quarterly 34°11′36″ S; 18°26′48″ E
Dalebrook Intertidal Quarterly 34°07′28″ S; 18°27′10″ E
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in a quilt batting sleeve (surface area 0.10 m2). This coarse 
material has a complex surface structure which results 
in the passive settlement of postlarvae, with abundance 
correlated with those in the water column (Moksnes and 
Wennhage 2001). A float was attached to the top and a 
weight at the bottom to suspend the structure vertically 
just below the surface (van Montfrans et al. 1995). Four 



















Figure 2: Survey equipment used to assess different life-history stages of Carcinus maenas. The crab populations were sampled using (a) 
artificial settlement collectors to detect postlarvae, (b) crab condos to collect small crabs <50 mm (adapted from Hewitt and McDonald 2013) 
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and then retrieved at high tide, as settlement densities are 
highest during the daytime flood (Moksnes et al. 2003). 
Following retrieval, sleeves were soaked in a 20-l bucket 
of fresh water for a minimum of 30 min to encourage the 
detachment of postlarvae (Moksnes et al. 2003). The water 
was then filtered through a 750-µm sieve and the viable 
postlarvae were counted. Sleeves were rinsed and dried 
in the sun prior to re-deployment. Postlarvae counts were 
analysed with respect to month to determine whether there 
was a seasonal peak in postlarval settlement, using a 
Pearson’s Chi-squared test. As with all statistical analyses, 
this was conducted in R (R Core Team 2015).
Unbaited crab condos
The densities of small-sized crabs (<50 mm carapace 
width) were estimated using crab ‘condos’ (Hewitt and 
McDonald 2013) (Figure 2b). These unbaited traps were 
constructed of nine PVC pipes with an internal diameter 
of 4.5 cm and a length of 25 cm (total volume 3.6 l per 
condo). Four replicate traps were deployed for a period of 
24 h. Upon retrieval, the carapace width of each captured 
crab was measured to the nearest millimetre using vernier 
callipers. Crabs were sexed and the reproductive status of 
females was noted. All crabs were returned to the water 
following examination so as not to obscure temporal 
patterns in their abundance. Trigonometric curves were 
fitted to the data to account for the recurrent pattern 
associated with seasonal variation, using the following 
linear model:




whereby each month, between April 2014 and March 2015, 
was assigned a number in chronological order. Crab condo 
catches of C. maenas in Table Bay harbour were then 
compared among months (12 levels: April 2014 to March 
2015) and sexes (two levels: males and females) in a 
two-factor generalised linear model (GLM) with a Poisson 
error distribution. 
Baited traps
Crabs were collected in four replicate 2-h soaks using crab 
traps (75 × 25 × 25 cm, with an entrance of 10-cm diameter 
that could flex to accommodate crabs of up to 11 cm; total 
volume of 47 l) and baited with 200 g of crushed sardines 
(Figure 2c). Upon retrieval, the carapace width of each crab 
was measured to the nearest mm using vernier callipers, 
and then sorted into the following size classes: small (<41 
mm), medium (41–60 mm), large (61–80 mm) and extra-
large (>80 mm). Individuals were sexed and female gravid 
status was recorded. All crabs were returned to the water 
following data collection.
Trigonometric curves were fitted to the counts of C. 
maenas collected in baited traps (using the model described 
above) and then compared among months (12 levels: April 
to March) and sexes (two levels: males and females) in a 
two-factor GLM, using a Poisson error distribution. Similarly, 
the number of crabs in the various size classes were 
compared among months (12 levels: April to March) in a 
two-factor GLM, again with a Poisson error distribution. 
Finally, the numbers of gravid and non-gravid females 
were compared across months (12 levels: April to March) 
using a one-factor GLM with a binomial distribution. 
Results 
Intertidal surveys
Carcinus maenas was found at only one site (Sea Point) 
during the intertidal surveys. At this site, two males and 
one female were recorded in March 2014, and one male 
was found in February 2015. As a result, this population 
was surveyed quarterly until February 2016, but no further 
individuals were recorded.  
Subtidal surveys of natural habitat
The subtidal surveys at Green Point, Oudekraal and 
outside Hout Bay harbour detected no C. maenas individ-
uals. However, two native crab species, the red rock 
crab Guinusia chabrus (known until recently as Plugusia 
chabrus) and the common shore crab Cyclograpsus 
punctatus, were found at these sites.
Harbour surveys: population structure and reproductive cycle 
Populations of this invasive crab were detected in both 
Table Bay and Hout Bay harbours. Following this, the Table 
Bay population was intensively monitored.
Postlarval settlement
Carcinus maenas postlarvae were not detected in Table 
Bay harbour.
Crab condos
The mean number of crabs caught in these unbaited traps 
varied among months but not between sexes (Figure 3a). 
Neither of the trigonometric curves were a good fit for male 
crabs (df = 1; sin: z = 1.383, p = 0.167; cos: z = 0.200, p = 
0.841) and only the sine curve was significant for females 
(df = 1; sin: z = 2.265, p = 0.024; cos: z = −1.271, p = 
0.204). The absence of crabs in late summer (February to 
March) and in October was notable.
Baited traps
The highest total catch in any month was recorded during 
June, with 286 individuals captured. The number of each 
sex captured per month was well represented by trigono-
metric curves, with both sine and cosine terms significant 
for males (df = 1; sin: z = 9.97, p < 0.001; cos: z = −5.40, 
p < 0.001) and females (df = 1; sin: z = 6.99, p < 0.001; 
cos: z = −4.55, p < 0.001), with no siginificant difference 
between the sexes (df = 1, z = 0.30, p = 0.76) (Figure 3b).
When considering catches by size class, a significant 
difference was found among all size classes (p < 0.001). 
The trigonometric curve fitted the data well for medium 
crabs, which was the dominant size class (Figure 4), with 
both the sine and cosine terms being significant (df = 1; sin: 
z = 9.91, p < 0.001; cos: z = −5.19, p < 0.001). The second-
best fitting model was for large crabs, with both sine and 
cosine terms significant (df = 1; sin: z = 4.83, p < 0.001; 
cos: z = −3.522, p < 0.001). Also, both the sine and cosine 
terms for small crabs were significant (df = 1; sin: z = 5.20, 
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numbers of small crabs were recorded between December 
and March. Extra-large crabs were rarely caught in baited 
traps, with only the cosine term being significant (df = 1; 
sin: z = 1.32, p = 0.19; cos: z = −2.22, p = 0.027), likely 
explaining the poor-fitting model (Figure 4).
While the proportion of gravid females captured in the 
baited traps peaked in October, no statistical effect of 
month was detected (χ2 = 96.0, df = 88, p = 0.26) (Figure 5). 
Discussion
The results of this study highlight the dynamic nature of 
biological invasions and the need for routine monitoring of 
alien species, especially those targeted for management. 
Despite being present in South African waters for more than 
30 years, Carcinus maenas was found to have declined 
intertidally and subtidally in undisturbed habitats along 
the west coast. Sea Point was the only intertidal site that 
was found to support European shore-crabs, albeit in very 
low numbers. In 2002, subtidal populations were detected 
at Green Point, Oudekraal and outside Hout Bay harbour 
during once-off surveys (Robinson et al. 2005). However, 
this study found that those populations may no longer 
exist and that the intertidal range of the species appears 
to be retracting. In South Africa, this invasive marine crab 
appears to be currently confined to two large breeding 
populations in the sheltered man-made harbours of Table 
Bay and Hout Bay. 
Over the last two decades, the large commercial ports of 
South Africa, including Saldanha Bay (Awad et al. 2004), 
Port Elizabeth (Hutchings et al. 2006) and Richards Bay 
(Laird et al. 2013), have been surveyed for marine invasive 
species. More recently, 14 harbours (including interna-
tional ports, small fishing harbours and regional marinas) 
were surveyed for alien fouling species (Peters et al. 2014, 
2017). None of these surveys (excluding those conducted in 
Table Bay and Hout Bay) detected C. maenas. 
The inability of C. maenas to withstand the high wave 
exposure along the South African coast has led to the 
































































































Figure 3: Seasonal patterns in abundance of Carcinus maenas 
in Table Bay, South Africa, for (a) individuals <50 mm caught in 
unbaited crab condos, and (b) individuals of all size classes caught 
in baited traps. Circles represent the number of crabs caught per 
sex per trap, and lines represent trigonometric model predictions; for 
baited traps the sine and cosine terms were significant for both the 






































































Figure 4: Seasonal patterns in abundance of Carcinus maenas in 
Table Bay, South Africa, among the different size classes captured 
using baited traps. Symbols represent the counts for each size 
class per trap, and lines denote trigonometric model predictions. 
Size classes correspond to the following carapace widths: small 
(<41 mm), medium (41–60 mm), large (61–80 mm) and extra-large 
(>80 mm). Significant differences were detected among all size 
classes (p < 0.001), and the sine and cosine terms were significant 
for all models (p < 0.05), except for the sine term for the extra-large 
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harbours and bays in the region (Hampton and Griffiths 
2007). This physical limitation could at least partially 
explain the failure of the crab to maintain intertidal and 
open-coast subtidal populations, while large-harbour 
populations persist. Given the predominantly northbound 
inshore currents typically experienced along the west 
coast of South Africa (Harris 1978), it is surprising that 
C. maenas larvae have not spread to sheltered sites 
in Saldanha Bay. Although it has been suggested that a 
coastal upwelling may prevent the northward spread of the 
crab (Behrens Yamada et al. 2017), this is unlikely since 
there is no dominant upwelling centre between Table 
Bay and Saldanha Bay (Shannon and Nelson 1996). It is 
likely, however, that predator-driven biotic resistance is 
also important in regulating the distribution of C. maenas 
in this region. In separate experiments, we found that 
native predatory fish readily consume this invasive crab, 
at least in an aquarium setting (CAM, JRUW, JJLR and 
TBR, unpublished data), suggesting that such predators 
may have regulating effects on C. maenas along areas of 
open coastline. 
In its native range, the various size classes of C. maenas 
occupy different tidal zones, with young juveniles typically 
found in the intertidal zone (Moksnes et al. 1998) while 
older juveniles and adults are found in the lower intertidal 
and subtidal regions (Crothers 1967). This segregation is 
thought to reduce competition between size classes and 
offer some protection to smaller individuals which might be 
susceptible to cannibalism (Moksnes et al. 1998). South 
African C. maenas populations have not demonstrated this 
spatial segregation in natural habitats and are precluded 
from doing so in harbours because intertidal zones are 
restricted to vertical wharf surfaces. 
Temporal patterns in reproductive status and abundance 
of the various life stages of C. maenas have not previously 
been assessed in South Africa. Observations during 
the early stages of C. maenas invasions in South Africa 
suggested breeding occurred between July and November 
(Le Roux et al. 1990). Our study confirmed this general 
pattern, with gravid females recorded from June to 
January. In its native range, the reproductive season of 
C. maenas is dependent on water temperature (Berrill 
1982). In cold regions, such as the northern North Sea, 
temperatures drop seasonally below the minimum require-
ment for egg development (i.e. 10 °C: Rasmussen 1973). 
This, together with changes in salinity, restricts reproduc-
tion to the few warmer months of the year (Rasmussen 
1973; Moksnes 1999). In contrast, gravid females are seen 
throughout the year in the southern North Sea, where mild 
winters are common (Crothers 1967). Along the South 
African west coast, coastal upwelling between January 
and March results in reduced water temperatures (Smit 
et al. 2013). This frequently results in a drop below the 
minimum temperature requirements for the reproduction, 
brooding and growth of C. maenas (Berrill 1982; Behrens 
Yamada 2001). This may explain the absence of gravid 
females captured in traps between February and May, and 
supports the hypothesis that breeding would be limited 
during periods of cool water temperatures. The shortest 
generation time reported for C. maenas is one year and 
was observed on the Pacific coast of the USA (Behrens 
Yamada and Hunt 2000). Based on seasonal similarities 
in water temperatures between that region and the South 
African west coast (Hill et al. 1998), it was expected that 
catches of gravid females and juvenile crabs in Table 
Bay would reflect a similar generation time. This pattern 
was, however, not observed, possibly because small 
size classes and reproductive females may be under-
represented in this dataset. This is due to the fact that 
during the moulting phase (a prerequisite for mating and 
a frequent occurrence in fast-growing small size classes), 
crabs cease feeding (Behrens Yamada 2001) and would 
thus not be detected in baited traps. 
Unexpectedly, no postlarval settlement was detected in 
Table Bay harbour over the course of a year; neverthe-
less, this does not indicate an absence of reproduction. 
Postlarvae settlement collectors, similar to those used in 
the current study, have been used successfully to collect 
C. maenas postlarvae in Sweden (Moksnes et al. 2003). 
However, due to a short reproductive season in waters 
around Sweden, postlarval settlement occurs over a short 
period, between June and October (Moksnes 1999). Given 
that gravid females are found throughout most of the year 
in South Africa, it is likely that settlement also occurs 
throughout the year, making it more challenging to detect 
postlarvae when they are temporally widely dispersed and 
densities are lower. Although monitoring of the early life 
stages of an invasive species has considerable benefits 
in terms of detecting new incursions (Bax et al. 2002; 
Anderson 2005), this particular approach does not appear 
to be useful as a monitoring tool for this species under 


















































































Figure 5: Seasonal patterns in abundance of Carcinus maenas in 
Table Bay, South Africa, among gravid females and total females 
captured using baited traps. The counts of gravid females (closed 
circles) per month are summed over the four replicates and 
displayed with 95% confidence intervals; these intervals were 
calculated using a binomial distribution of gravid females relative to 
non-gravid females. The abundance of total females per month is 
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Based on the impacts of C. maenas in other invaded 
regions (Grosholz et al. 2000; Mach and Chan 2013; 
Matheson et al. 2016), this species has been regulated 
under the Alien and Invasive Species Regulations of 2014 
under South Africa’s National Environmental Management 
Biodiversity Act of 2004 (RSA 2014). This study has provided 
important baseline information required for the planning of 
management. Importantly, the findings reveal that control 
efforts should focus on harbour populations in Table Bay and 
Hout Bay. Additionally, there is no optimal season to initiate 
management action, as this crab breeds throughout most of 
the year. Despite C. maenas only being detected intertidally 
at one open-coast site, it is recommended that monitoring 
for this species should continue on an annual basis. 
Monitoring should focus on sensitive and sheltered areas, 
such as Langebaan Lagoon in the West Coast National 
Park, as well as sheltered sites within the Table Mountain 
National Park (e.g. Oudekraal and Seaforth). If the species is 
detected early at these sites, extirpation is more likely to be 
successful, potentially reducing the threat posed to vulner-
able habitats in these protected areas.
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